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Executive Summary 
This senior engineering design project analyzes and remediates a slope failure that 
occurred in Bismarck, North Dakota.  The failure emerged along River Road on the Eastern bank 
of the Missouri River less than a half mile north of the Burlington Northern Santa Fe Railroad 
Bridge.  The failure took place the week of June 28, 2009 and forced closing of River Road until 
late fall.  A local business was forced to close and traffic was affected throughout the summer. 
 Elevation and geological data was used to reconstruct the pre-failure slope.  The slope 
was analyzed using a slope stability program, Slope 5.0, by Rocscience.  The calculated factors 
of safety confirmed the instability of the slope.  
 Several remediation methods were considered such as benching, removal of material, „H‟ 
piles, and soils nails.  The methods were analyzed using Slope 5.0.  The proximity of the river 
and need for the road were the greatest constraints in considering a method of remediation.  
Benching created a stable slope, but the small area and steep slope would be difficult to navigate 
with heavy machinery.  Removing material from the head of the slope is not acceptable because 
the area needs to remain the same to harbor River Road and the adjacent bike path.  Soil nailing 
is possible for the slope, but the failure planes are relatively deep and the nails did not provide 
the necessary stability.  „H‟ piles provided the best remediation.  Factors of Safety were all over 
1.3 for the calculated methods.  The piles could be easily installed at the top of the road.  50 foot 
piles spaced three and one half feet apart intersected almost all of the planes of failure.  
 It was found that „H‟ piles were the most effective remediation method considering the 
constraints of the slope.  The remediation is to take place as soon as possible to relieve stress on 
local traffic and businesses.   
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Introduction 
This geological engineering design project focuses on a slope failure that occurred in 
Bismarck, North Dakota during the week of June 28, 2009.  The failure occurred along the east 
edge of the Missouri River on River Road affecting both the road and adjacent bike path.  The 
Bismarck Tribune (2009) stated, “The road was closed in June when it settled more than three 
feet and became a safety hazard.” The road remained closed until November and adversely 
affected the surrounding businesses and city itself.  Figure 1 shows the crest of the failure and the 
damage it caused to the roadway and bike path. 
Figure 1.  A picture courtesy of Ed Murphy of the North Dakota Geological Survey displaying the 
crest of a slope failure along River Road in Bismarck, ND that occurred in June of 2009. 
 
The purpose of this design project is to identify, characterize, and analyze a geological 
engineering problem.  The scope of this report provides information on several aspects of the 
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slope failure.  Other constraints such as economic, social, safety, sustainability, and time were 
also considered.   
Problem Definition 
The City of Bismarck has asked me to provide a design to remediate the slope failure along 
River Road. The slope stability issue along the Missouri River near Bismarck, North Dakota 
provides several problems that need to be addressed.  The main objective of this report is to 
study different methods of remediation for the failure considering the geology, vector mechanics, 
soil mechanics and hydrology of the local area.  Other objectives must also be considered for the 
design. The slope must be remediated taking into consideration cost, time, material and 
technological availability.  Businesses were closed and jobs were lost because of the road being 
restricted to traffic.  According to the Bismarck Tribune (2009) “It has, if you listen to the 
owners, added to the difficulties Meriwether's has had in being a viable business. The riverside 
restaurant closed earlier this month.”  Economic strain was also imposed on local residents from 
longer travel routes and increased traffic in other areas.  The Bismarck Tribune (2009) also 
states, “It's become a partial barrier to north-south traffic, aggravating long-standing issues about 
moving traffic from Bismarck's growing northern reaches to downtown and south of Main 
Avenue.”  Political and social issues were felt by the city because the roadway has been closed 
since late June.  The Burlington Northern Santa Fe (BNSF) Railroad crosses the Missouri River 
less than a quarter of a mile south of the slope failure.  The BNSF railroad through Bismarck 
supplies coal from Wyoming‟s Powder River Basin to power plants in the Midwest and along the 
east coast.  A failure that would debilitate the railroad at Bismarck would have nationwide 
consequences.  The eastern half of the United States would be shut out from one the largest 
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producing coal basin‟s in the nation.  A safe, effective, long term solution is needed to insure the 
safety of the citizens. 
Background 
Geology 
The surficial geology of the Bismarck-Mandan area is dominated by glacial and alluvial 
processes.  Glacial till overlies Cretaceous and Tertiary bedrock throughout most of the area.  As 
the glaciers melted and retreated, melt waters deposited sand, silt and gravel on the terraces of 
the Missouri River.  Bedrock units exposed at the surface in and around Bismarck include the 
Hell Creek Formation of late Cretaceous age and the Ludlow, Cannonball, Slope, and Bullion 
Creek Formations of Tertiary age (Groenewold, 1980).  Wind action has also played a role in 
carving the landscape.  “Sand dunes were formed southeast of Bismarck and wind-laid silt and 
fine sand were deposited in thicknesses of up to 15 feet on the meltwater terraces on the east side 
of the Missouri River” (Groenewold, 1980).  The study area for this project is mostly Cannonball 
Formation.  Plate 5 from Groenewold (1980) maps the study area as interbedded silty clay and 
clay of the Cannonball Formation. 
11 
 
 
Figure 2. A NDGS map courtesy of Ed Murphy that displays the geology of the study area. 
 
Murphy and Groenewold (2004) map the region as slope failure material surrounded by the 
Cannonball Formation.  Figure 2 shows an overview map of Bismarck and the study area.   
 
 
 
 
 
 
 
STUDY AREA 
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Figure 3. A cross-section obtained from Ed Murphy of the North Dakota Geological Survey 
displaying the local geology. 
 
Figure 3 is a cross section displaying the subsurface units and relative thicknesses at the BNSF 
bridge.  The Cannonball Formation consists of interbedded siltstone, sandstone, shale, and 
mudstone.  The Ludlow Formation underlies the Cannonball Formation.  The Ludlow Formation 
consists of continental sands, silt, clay and lignite coal (Groenewold, 1980).  The formation is 
very thin, usually less than 20 feet thick.  The Late-Cretaceous age Hell Creek Formation 
underlies the Ludlow Formation.  The Hell Creek Formation consists of interbedded sand, silt, 
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clay and lignite, all of which are continental in origin (Groenewold, 1980).  “The thickness of the 
Hell Creek ranges from 225 to 290 feet in the Bismarck-Mandan area (Kume and Hansen, 
1965).”   Table 1 is an engineering stratigraphic column that displays the engineering properties 
of the formations used in the analysis. Appendix B, the Braun Intertec soil logs, and Figure 3 
were used to model the subsurface of the slope. 
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Unit Weight: 82.5 lb/ft3                                                          
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Ludlow Formation   Lithology: Sands, Silts, Clay and 
Lignite Coal                                        
Unit Weight: 87 lb/ft3                                                           
Cohesion: 280 lb/ft2                                                                                
φ: 28 ° 
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Hell Creek Formation   Lithology: Sands, Silts, Clay and 
Lignite Coal                                       
Unit Weight: 120 lb/ft3                                                               
Cohesion: 80 lb/ft2                                                                                
φ: 35° 
Table 1. An engineering stratigraphic column that presents properties of the geologic formations in 
the study area. 
 
History 
The landscape of the study area makes it susceptible to failures.  Groenewold (1980) 
describes the geologic, engineering, and hydrogeologic conditions as “steep topography; locally 
subject to flooding; small mudflows common at base of slopes; subject to slumping and soil 
creep.”  Flooding along the river during the spring months provides water to saturate the pore 
14 
 
spaces and a potential trigger for slides.  Failure scarps are visible along the landscape from 
images dating back to the 1950‟s.  Figure 4 shows a major failure scarp in the vicinity of the 
BNSF railroad bridge. 
 
Figure 4. A photo courtesy of Ed Murphy of the North Dakota Geological Survey from 1951 
displaying visible failure scarps near the BNSF Railroad Bridge. 
 
Murphy and Groenewold (2004) identified seventeen different landslides, with the 
majority being hundreds if not thousands of years old.  Figure 5 displays several of the ancient 
scarps along the eastern edge of the Missouri River. Highway 1806 on the Mandan side of the 
river was closed and part of the road abandoned because of a failure in the 1990‟s.  Failures will 
always be a problem along the Missouri River as it carves into the landscape creating steep 
slopes.  
 
  
Flow 
Road Bed 
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Figure 5. Aerial view of study area courtesy of Ed Murphy of the North Dakota Geological Survey 
with visible failure scarps along the slope (2006). 
 
Construction along the Missouri River has also influenced the conditions of the slope.  The Grant 
Marsh boat ramp in Figure 5 is just north of the failure slope collects and directs water towards 
the toe of the failure.  A large drainage also exists just below the boat ramp, creating even more 
inflow of water at the bottom of the slope.  Figure 6 shows the position of the drainage and 
approximate failure surface.  The increased amount and movement of water would remove 
material from the toe of the slope, changing the geometry and negatively affecting the factor of 
safety for the slope.  Duncan and Wright (2005) state “Excavation that makes a slope steeper or 
higher will increase the shear stresses in the soil within the slope and reduce stability. Similarly, 
erosion of soil by a stream at the base has the same effect.” Increased pore pressure also leads to 
slope instability.  Duncan and Wright (2005) write “Rise in groundwater levels and more adverse 
seepage, frequently during periods of heavy rainfall, are the most frequent reasons for increased 
pore pressures and associated decrease in effective stresses within slopes.”  Over an inch of rain 
was recorded in Bismarck on June 26, 2009, two days before the failure. 
Bismarck State College 
Flow 
Grant Marsh Boat Ramp 
16 
 
  
Figure 6.  A Google Earth image of the location of drainage and approximate failure surface. 
 
Preliminary Analysis 
Constraints 
 Physically the remediation is constrained by size.  The bike path is at the edge of the 
slope.  Remediation options must be completed from the top of the slope.  Working on the slope 
or near the river is hazardous. The largest constraint is time.  The road is vital to traffic flow in 
the city.  Access to the Grant Marsh Boat Ramp, the Missouri River Keelboat, and Meriwether‟s 
N 70 ft 
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restaurant all depend on the road for business.  The failure needs to be remediated as soon as 
possible to protect the city and businesses. 
Design Options 
Using the Soil Boring Location Sketch provided by Braun Intertec Inc., a cross section 
was drawn from A to A prime. 
 
Figure 7. Soil boring location sketch provided by Braun Intertec Inc. displaying cross section A-A’. 
 
The cross section was drawn through three bore hole locations to take advantage of the 
bore logs also provided by Braun Intertec Inc.  Wells ST-2, ST-3, ST-5, and the location sketch 
provided ground surface and water table elevations to properly profile the slope and piezometric 
surface.  Each boring log yielded detailed subsurface geology to a depth of 30 feet.  Triaxial test 
data was done by Braun Intertec Inc. for the three common recurring rocks types.  Using 
Rocscience software Slide 5.0, the original slope was modeled and analyzed for failures.   
A 
A‟ 
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Figure 8. Model of original slope using Slide 5.0 
 
Figure 8 shows the original slope geometry with four different subsurface regions.  The top 
region, the Cannonball Formation, was assigned average values for unit weight, cohesion, and 
internal angle of friction.  The middle layer, the Ludlow Formation was assigned values based on 
the boring log for bore hole ST-2. The lower layer, the Hell Creek Formation, was assigned 
average values based on the bore logs.  The method of slices was used in all of the calculations, 
but there are several different methods to the calculations.  “The method of slices is used by most 
computer programs, as it can readily accommodate complex slope geometries, variable slope 
conditions, and the influence of external boundary loads.” (Abramson et al, 1996) The original 
slope was clearly susceptible to failure as the methods of analysis depicted the slope failing.  
Figure 8 contours the factors of safety for the slope.  The values ranged from 0.967 to 1.2.   
20 ft A A‟ 
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Select Final Design Approach 
The final design approach involves analyzing several options of remediation.  Types of 
remediation such as unloading, buttressing, drainage, reinforcement, retaining walls, vegetation, 
and surface slope protection will be considered.  For this preliminary analysis benching, removal 
of driving forces, soil nailing, and micropiling will be analyzed.  “The purpose of benching a 
slope is to transform the behavior of one high slope into several lower ones (Abramson, Lee, 
Sharma, and Boyce, 1996).”  The benching stabilization technique tested six benches.  Using the 
Rocscience software Slide 5.0, the factor of safety was calculated.  
 
Figure 9. Benching stabilization technique using Slide 5.0. 
 
Figure 9 displays the results of the benching analysis.  The minimum factor of safety was 1.062.  
Benching the slope only affects shallow failure surfaces.  As seen by Figure 9, the majority of 
the failure surfaces are still present. The largest challenged faced by benching would be 
20 ft 
A‟ A 
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accessibility.  The slope is steep and there is little room to excavate.  Heavy equipment on the 
slope may trigger another failure.  The slope is still unstable; therefore benching is not a feasible 
option.  By removing material at the top of slope, the driving forces are reduced.  Flattening the 
slope can also help to stabilize the slope. “Slope stabilization methods generally reduce driving 
forces, increase resisting forces, or both (Abramson, Lee, Sharma, and Boyce, 1996).”  The 
second analysis conducted involved lower the angle of the slope by removing material from the 
top.  Again using Slide 5.0, the pre-failure slope was modified by removing material from the top 
which also lessened the steepness of the slope.   
 
Figure 10. Removal of material and lessening of slope angle analysis using Slide 5.0. 
 
The new slope is analyzed using the same methods as before and the result is an unstable slope.  
The minimum FOS was calculated as 1.110.  Like the benching technique, removing material 
affects mainly shallow failure planes. While this method would be inexpensive and quick, one 
20 ft 
A‟ A 
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large constraint prevents it from being reasonable.  Lowering the angle of the slope by removing 
material from the top lessens the amount of room there is for a roadway and adjacent bike path.  
The bike path is already at the head of the slope and removing more of the material would make 
it unsafe.   
 
Figure 11. Soil nailing reinforcement analysis using Slide 5.0. 
 
A third analysis considered was soil nailing the face of the slope.  Figure 11 displays the results 
of the analysis.  ”Soil nailing is a method of in situ reinforcement utilizing passive inclusions that 
will be mobilized if movement occurs” (Abramson, Lee, Sharma, and Boyce, 1996).  Soil nails 
are usually steel bars or other metal tubes that resist tensile and shear stresses and bending 
moments created by slope movement.  Soil nails twenty five feet long were placed 5 feet apart 
throughout the whole area of the slope.  The factor of safety was significantly increased on the 
20 ft 
Soil Nails 
A‟ A 
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slope.  The lowest FOS was 1.205.  Soil nailing is relatively inexpensive for short lengths, 
however, the longer the nail the greater cost.  Twenty-five foot long soil nails are common but 
available.  Because the slope has several deep failure planes, the soil nails are not able to 
intersect all of the potential failure surfaces.  Soil nails would prevent shallow failures but not 
deeper ones.   
 
Figure 12. Micropile reinforcement analysis using Slide 5.0. 
 
The final analysis technique considered is the installation of „H‟ piles.  “Micropiles are used to 
create a monolithic rigid block of soil to a depth below the critical failure surface (Abramson, 
Lee, Sharma, and Boyce, 1996).”  The piles make the soil mass act as a single unit.  By 
intersecting the failure planes with the piles, the slope acts a one large mass that is much less apt 
to fail.  Fifty foot „H‟ piles were installed five feet apart on upper half of the slope.  The piles 
20 ft A‟ A 
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intersected the majority of the failure planes thus greatly increasing the FOS.  The lowest factor 
of safety for the slope was 1.282 as displayed by Figure 12.  The piles were installed only on the 
upper half of the slope because access would be difficult near the river. „H‟ piles will be used on 
the slope, however, the software does not have an „H‟ pile analysis.  A micropile analysis was 
used in Slide 5.0.  „H‟ piles have a much greater area than micropiles, so using a micropile 
analysis is conservative compared to an „H‟ pile analysis.  Appendix A gives a detailed table of 
the „H‟ pile properties. 
Work Plan for Final Design 
Plans and Specifications 
   The slope will need to remain at or near the same size to maintain the roadway and 
adjacent bike path.  Of the four remediation methods, the „H‟ pile provides the best slope 
stability.  Installation can be completed from the road and adjacent bike path.  The work plan 
begins with the removal of the road barrier and bike path at the site.  Minor vegetation should 
also be discarded from the top of the slope.  Once the asphalt is demolished and removed from 
the site, the piles can be driven vertically into the slope.  Using Google Earth, an approximated 
rectangular area of dimensions 145ft by 30ft was selected.  Spacing the piles five feet from each 
other in both directions in a checkerboard fashion resulted in the installation of 195 piles on the 
slope.  The bike path and guard railing would have to be reinstalled along with the planting of 
grass on the top of the slope. 
24 
 
 
Figure 13. A site map schematic of the remediation area with a Google Earth inset. 
 
Cost Estimates 
 Costs for remediation will be estimated by current prices in the materials market.  Cost 
estimates were calculated using the RSMeans Heavy Cost Construction book.  Site demolition 
costs include the cost to remove the bike path and guard railing.  It costs $34 per guide post to 
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remove and later reset.  At least twelve posts will have to be removed for the project equaling 
$408.  Sidewalk removal up to 2.5 inches thick costs $3.51 per square yard.  The sidewalk is 3.5 
yards wide and 48.3 yards long in the project area.  The cost to remove 169 square yards of 
sidewalk is approximately $594.  50 foot long H piles cost $17.80 per vertical linear foot 
installed resulting in an approximate cost of $173,550.  Mobilization costs for a 75 ton crane 
with pile leads and a pile hammer costs approximately $8,650.  The price to replace the asphaltic 
sidewalk is $6.80 per square yard, which totals $1149.20.  These totals were found using the 
2002 edition of RSMeans Heavy Cost Construction Book. A simple interest formula was used to 
account for inflation over the past eight years. 
Budget 
 Table 2 is a cost analysis of the estimates required for the remediation design. 
Task Crew Daily Output Total 
Guide Posts, Remove and Reset B-55 50 Guide Posts $34/post 
Sidewalk Removal, bituminous, 2-1/2" thick B-6 325 Square Yards $3.51/yd2 
Driven H Piles 
B-19 
640 Vertical Linear 
Feet $17.80/v.l.f. 
Mobilization, Crane,                                                                       
with pile leads and pile hammer B-19 .60 Cranes $8650/crane 
Sidewalk, Asphaltic concrete, 2" thick B-37 720 Square Yards $6.80/yd2 
    
    
    
    Required for Project Cost 
  12 $408.00 
  169 $593.19 
  9750 $173,550.00 
  1 $8,650.00 Current Inflation Rate 2.31% 
169 $1,149.20 
  TOTAL COST (2002) $184,350.39 Total Cost (2010) $221,303.73 
Table 2. A cost estimates table displays the cost breakdown for the selected remediation. 
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Schedule for Design Process 
 The daily output for removal of guide posts is 50 and the output for sidewalk removal is 
325 square yards.  Two different crews could complete this preliminary step in two days.  Only 
six tenths of a crane can be mobilized in one day, so the crane would have to be mobilized a 
couple days before construction. Fifty foot driven piles can be installed at a daily rate of 640 
vertical linear feet.  Nine thousand seven hundred fifty feet of pile would take 16 days to install.  
Seven hundred twenty square yards of sidewalk can be installed per day and the 12 guide posts 
could be reset in one day. Table 3 is a Gantt chart displaying the tasks and required time for 
each. 
 
Table 3. A Gantt Chart displays the schedule for the slope remediation. 
 
 
0 5 10 15 20 25
Removal of Guide Posts
Removal of Sidewalk
Crane Mobilization
Install Piles
Install Sidewalk
Install Guide Posts
Gantt Chart
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Appendices 
Appendix A 
„H‟ Pile Properties 
          Elastic 
Properties 
   
     Thickness    Axis 
X-X 
  Axis 
Y-Y 
 
Section Weight 
(lb/ft) 
Area 
(in
2
) 
Depth 
(in) 
Flange 
Width 
(in) 
Flange 
(in) 
Web 
(in) 
Coating 
Area 
(ft
2
/ft) 
I 
(in
4
) 
S 
(in
3
) 
R (in) I 
(in
4
) 
S 
(in
3
) 
r 
(in) 
HP 8 36 10.6 8.02 8.155 0.445 0.445 3.92 119 29.8 3.36 40.3 9.88 1.95 
Table 4. Table of properties for the proposed 'H' piles. 
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1617.6 
~ 1610.6 
Cl> 
.a 
.0 111 -
0 
C: -
.2 
iii c _ 
~ 
X 
Cl>-
i -
.t:: i -
0 
o -
c: 
'§ _ 
(:!. 
Cl> 
:> -
~ 
Depth 
feet ASTM 
32.0 Symbol 
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39.0 
SM 
. ; 
·> · .
. :: . 
,, 
,:· 
..... 
r ,: .. 
,:·.·.:1 
. ,•. 
·.:•.";. . 
.. 
. ·1: 
"i: 
49.0 · •, 
I METHOD: 3 1/4" HSA. Autohammer 
Description of Materials 
(ASTM 02488 or 02487) 
DATE: 
SANDY LEAN CLAY, with Silty Sand seams, gray, wet, 
very stiff to hard. 
(Weathered Shale) 
-
-
-
-
SIL TY SAND, fine-grained, gray, wet, medium dense to 
dense. _ 
(Weathered Sandstone) 
-
-
-
-
-
-
'6 1600.6 
(/) 
Cl> 
0 
CH '- FAT CLAY, gray, moist, hard. 
Cl> 
Cl> 
-
(/) 1598.6 
N 
U1 
~ -
.., 
"' 0 
~-
~ 
"' f- -
0 
I!> 
co 
~,-
::, 
<( 
a: -
a, 
cc 
1!> -
ai 
U1 
U1 
~ -
0 
I!> 
z -
°' 0 
"' 0 -
I!> 
51 .0 ~ 
(Weathered Shale) 
END OF BORING. 
Water observed at 43 feet with 49 1/2 feet of 
hollow-stem auger in the ground. 
Water observed at 14 1 /2 feet 24 hours after 
withdrawal of auger. 
Inclinometer installed. 
-
-
-
-
-
-
-
-
-
7/23/09 I SCALE: 
BPF WL MC P20C 
% % 
35 
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33 
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41 
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45 
1" =4' 
Tests or Notes 
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BRAUN'M 
INTERTEC 
BORING: 
LOG OF BORING 
ST-2 Braun Project BM-09-026558 
Geotechnical Evaluation 
River Road Slide 
LOCATION: See attached sketch. 
River Road 
Bismarck, North Dakota 
DRILLER: S. McLean METHOD: 3 1/4" HSA, Autohammer DATE: 
U) 
Elev. 
feet 
1648.3 
C: -0 
:~ 1641 .3 
!!:! 
.0 
~-
-0 
C: -
.Q 
iii 
C:-
.!!! 
X 
Q) ·-
a5 -
Q) 
.c 
U) 
0 
o -
c 
·g 1633.3 
{!!. 
Q) 
~-
'C 
o -
~ 
o 1630.3 
QI 
Q) 
(/) 
~ 1625.3 
ri 
ri 
"' 0 ;::;- -
~ 
f- -C> 
~ 
00 o, -
z 
::::, 
~-
a, 
~ 
I.!) -
ai 
"' 
"' <D O"J -
0 
~ 1618.3 
ii: 
0 
"' o-
Depth 
feet ASTM 
0.0 Symb.ol 
FILL 
7.0 
Description of Materials 
(ASTM D2488 or D2487) 
FILL: Lean Clay, brown to dark brown, moist. 
SM SILTY SAND, fine-grained, with a trace of roots, brown, 
moist, loose. 
...... ·. 
15.0 
SC 
18.0 
CL 
23.0 
CL 
30.0 
CL 
(Colluvium) 
CLAYEY SAND, fine-grained, brown, moist, soft to 
medium. 
(Colluvium) 
Apparent Boulder at 18 feet. 
LEAN CLAY, gray, wet, rather soft. 
(Loess) 
LEAN CLAY, gray, wet, rather soft. 
(Loess) 
SANDY LEAN CLAY, dark gray, moist, hard. 
(Weathered Shale) 
7/22/09 SCALE: 1" = 4' 
BPF WL MC 20 
% % 
4 
6 
4 
3 
4 
6 
6 
6 
• 
5 29 80 
4 
4 31 99 
4 
4 
Tests or Notes 
*50 blows for 3" 
31 55 TW sample taken 
from 28 to 30 feet: 
DD= 93 pct 
WD = 121 pct 
LL= 34 
PL= 23 
I.!) Pl= 12 
9 L,.,..,...,,......,,..,L,...,---..J....-..U"-'1----------,,,----,-.,....,.--.,-.....,,.----.....1..i..--.i..--l..-...l....-...... _-=...,,...--.,.....,.,! 
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BRAUN'M 
INTERTEC 
BORING: 
LOG OF BORING 
ST-2 (cont.) Braun Project BM-09-026558 
Geotechnical Evaluation 
River Road Slide 
LOCATION: See attached sketch. 
River Road 
Bismarck, North Dakota 
DRILLER: S. McLean 
Elev. 
feet 
1616.3 
1614.3 
1612.3 
'iii 5 -j 1609.3 
~ 
.D 
.D 
ca -
o 
C: -
0 
~ 
C: -ca 
ci 
X 
Q) -
.E 
1i> -
Q) 
.r:: 
"' -g 
c -
c: 
Depth 
feet ASTM 
32.0 Symbol 
34.0 
SM 
36.0 
CL 
39.0 
SM ;-:1· ,,. - : 
... 
:;• 
., 
,. 
··.:::'.·. 
47.0 
I METHOD: 3 1/4" HSA, Autohammer DATE: 
Description of Materials 
(ASTM D2488 or D2487) 
SANDY LEAN CLAY, dark gray, moist, hard. 
(Weathered Shale) (continued) 
SIL TY SAND, fine-grained, grayish-brown, moist, 
dense. 
(Weathered Sandstone) 
LEAN CLAY, with Silty Sand seams, gray, moist, hard. 
(Weathered Shale) 
-
-
-
SIL TY SAND, fine-grained, gray, moist, medium. 
(Weathered Sandstone) 
-
-
-
-
-
-
-
·~ 1601 .3 
{!!. CH FAT CLAY, dark gray, moist, hard. 
!l! -
'5 
·5 _ 
II) 
Q) 
D 
Q) 
Q) 
-
Cl) 1597.3 
N 
U'l 
~ -
... 
a, 
~-
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a, 
f- -0 
\!) 
co 
~,-
::::, 
..: 
a:: -
"' 
a:: 
~-
"' U'l 
U'l 
~ -
0 
<!) 
z -
ii: 
0 
"' 0 -
<!) 
51 .0 
(Weathered Shale) 
-
-
-
END OF BORING. 
-Inclinometer installed. 
-
-
-
-
-
-
-
-
-
-
-
7/22/09 I SCALE: 
BPF WL MC P20C 
% % 
34 
46 
44 
40 
42 
46 
44 
42 
1" = 4' 
Tests or Notes 
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BRAUN"' 
INTERTEC 
BORING: 
LOG OF BORING 
ST-3 Braun Project BM-09-026558 
Geotechnical Evaluation 
River Road Slide 
LOCATION: See attached sketch. 
River Road 
Bismarck, North Dakota 
DRILLER: S. McLean 
Elev. 
feet 
1652.8 
1648.8 
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Depth 
feet ASTM 
0,0 Symbol 
FILL 
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CL 
12.0 
CL 
23.0 
SM 
..... 
32.0 -.·.·· :, 
BM-09-026556 
METHOD: 3 1/4" HSA, Autohammer 
Description of Materials 
(ASTM D2488 or D2487) 
FILL: Silty Clay, brown, moist. 
DATE: 
SANDY LEAN CLAY, with a trace of root fibers and 
coarse Sand, brown, moist, very soft to rahter soft. 
(Colluvium) 
LEAN CLAY, brown, wet, soft. 
(Loess) 
SIL TY SAND, fine-grained, grayish-brown, 
waterbearing, medium dense. 
(Weathered Sandstone) 
Braun lnlertec Corporation 
7/21/09 SCALE: 1" =4' 
BPF WL MC P20 
% % 
Tests or Notes 
5 
4 
4 
4 
WH 
2 
* 
3 
2 
2 'SJ_ 
15 
28 
29 
29 
18 
36 87 TW sample taken 
from 14 to 16 feet: 
DD= 80 pcf 
WD = 109 pct 
LL =47 
PL= 20 
Pl= 27 
37 84 LL= 47 
PL= 15 
Pl= 32 
25 30 
ST-3 page 1 of 2 
BRAUN'M 
INTERTEC 
BORING: 
LOG OF BORING 
ST-3 (cont.) Braun Project BM-09-026558 
Geotechnical Evaluation LOCATION: See attached sketch. 
River Road Slide 
River Road 
Bismarck, North Dakota 
DRILLER: S. McLean 
Elev. 
feet 
1620.8 
,J) 
c: _ 
.Q 
-~ 1613.8 
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Depth 
feet ASTM 
32.0 Symbol 
SC 
39.0 
CL 
42.0 
CH 
61 .0 
METHOD: 3 1/4" HSA, Autohammer 
Description of Materials 
(ASTM D2488 or D2487) 
DATE: 
CLAYEY SAND, fine-grained, dark gray, moist, hard. 
(Weathered Sandstone) 
SANDY LEAN CLAY, dark gray, moist, hard. 
(Weathered Shale) 
FAT CLAY, with Silty Sand seams, dark gray, moist, 
hard. 
(Weathered Shale) 
END OF BORING. * 
7/21/09 SCALE: 1" = 4' 
BPF WL MC P20 
% % 
32 
41 
46 
43 
44 
52 
34 
41 
46 
46 
45 
50 
Tests or Notes 
* Water observed 
at 21 feet with 24 
feet of hollow-stem 
auger in the 
ground. 
Water observed at 
12 feet 24 hours 
after withdrawal of 
auger. 
Boring then 
grouted. 
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BM-09-026556 Braun lnter1ec Corpora~on ST-3 page 2 or 2 
BRAUN'M 
INTERTEC 
BORING: 
LOG OF BORING 
ST-4 Braun Project BM-09-02655B 
Geotechnical Evaluation 
River Road Slide 
LOCATION: See attached sketch. 
River Road 
Bismarck, North Dakota 
DRILLER: S. McLean 
Elev. 
feet 
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Depth 
feet ASTM 
0.0 Symbol 
1.0 
SC 
3.0 
SM 
5.0 
SC 
9.0 
ML 
12.0 
CL 
18.0 
21 .0 
CH 
31.0 
METHOD: 3 1/4" HSA, Autohammer 
Description of Materials 
(ASTM D2488 or D2487) 
SIL TY SAND, fine-grained, brown, moist. 
(Alluvium) 
DATE: 
CLAYEY SAND, fine-grained, grayish-brown, moist, 
rahter soft. 
(Alluvium) 
SIL TY SAND, fine-grained, brown, moist, very loose. 
(Alluvium) 
CLAYEY SAND, fine-grained, grayish-brown, 
waterbearing, soft. 
(Alluvium) 
SANDY SILT, fine-grained, grayish-brown, 
waterbearing, very loose to loose. 
(Alluvium) 
LEAN CLAY, gray, moist, very stiff to hard. 
(Weathered Shale) 
SIL TY SAND, fine-grained, gray, moist, dense. 
(Weathered Shale) 
FAT CLAY, dark gray, moist, hard. 
(Weathered Shale) 
END OF BORING. * 
7/23/09 SCALE: 1" = 4' 
BPF WL MC P20 
% % 
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Tests or Notes 
DD= 99 pcf 
WO= 124 pcf 
* Water observed 
at 4.5 feet with 14 
feet of hollow-stem 
auger in the 
ground. 
inclinometer 
installed. 
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BRAUNSM 
INTERTEC 
BORING: 
LOG OF BORING 
ST-5 Braun Project BM-09-02655B 
Geotechnical Evaluation 
River Road Slide 
LOCATION: See attached sketch. 
River Road 
Bismarck, North Dakota 
DRILLER: S. McLean I METHOD: 3 1/4" HSA, Autohammer DATE: 7/23/09 I SCALE: 1" = 4' 
Elev. Depth 
feel feet ASTM Description of Materials BPF WL MC P200 Tests or Notes 
1629.1 0.0 Symbol (ASTM 02488 or 02487) % % 
SC 
~ -
CLAYEY SAND, fine-grained, brown, moist. 
1628.1 1.0 (Colluvium) r 4 SM ' ' ·. : SIL TY SAND, fine-grained, brown, waterbearing, very 
-
. . ,, loose. ~ 
·'..-.; (Alluvium) 4 
-
., ' 
-
·.: ·-
- I,-•,, -
' •,: 
2 22 65 ,·.· 
--
,ii 
: ' ..... 
C: 1623.1 6.0 ,, . ' 
0 
SC ~ 
CLAYEY SAND, fine-grained, gray, waterbearing, i 
'> - rather soft. - 4 !!! 
-~ ·-
(Alluvium) 
.D 1621 .1 '8.0 .D 
ro SM SIL TY SAND, fine-grained, gray, waterbearing, very 0 •, , • 
C - loose. 
-
4 
0 (Alluvium) ~ 1619.1 10.0 ·' C r' ' 
ro CL LEAN CLAY, grayish-brown, wet, rather soft. c 
>< (Alluvium) 4 Cl)- -
-
.E 1617.1 12.0 lj qj CL I SANDY LEAN CLAY, gray, moist, hard. Cl) J::. (Weathered Shale) OJI - -~ 0 32 o- -C: .E I o5 - -f- 1613.1 16.0 Cl) 34 > SM . ,• SIL TY SAND, fine-grained, gray, moist, dense. ~ ,, . . ' 
0- (Weathered Sandstone) -
OJI 
'· Cl) 
0 •' ... -, ~: 36 
- -Cl) 
Cl) 
<: :~ ·. 
~-
-
- -
36 
. '. 
,, 
-
-
" 
- -
N " 44 
"' -.:-i -
.--< 
"' 
,•,' 0 ;:;;,- ., -
t:. * Water observed 
"' 
.. 
at 28 feet with 30 f---
-0 
'. 46 feet of hollow-stem <.!) 
co 
auger in the 0 - -I ... z ground. ::, 1602.1 27.0 <l'. 
- ·' 
"' CH ~ FAT CLAY, gray, moist, hard. cc Inclinometer 0:: (Weathered Shale) 33 '¥-<.!) - - installed. oci "' "' "' -N - ~ 0 <.!) z _ -ir. 32 0 0) 1598.1 31 .0 0 END OF BORING. * 
<.!) g 
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Grain Size Distribution ASTM D422 Job No.: 7126 
Project: IBM-09-016556 Test Date: 8112109 
Reported To: I Braun Intertec Report Date: 8/17/09 
Sample 
Location/ Boring No. Date Sampled Depth (ft) Type Soil Classification 
* &T-1 7/22/2009 4-6 3T Fat Clay w / sand (CH) 
• sr-2 7/21/2009 28-30 :n Sandy Lean O ay w / a little gravel and laminations of silt (Q.) 
() S'f.3 7/21/2009 14-16 3T Lean Oay (CL) 
Gravel Sand Hydrometer Analysis 
Coarse Fine Coarse Medium Fine Fines 
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100 so 20 10 s 2 I .5 2 0.1 05 02 0.01 005 002 0.001 Grain Size (mm) 
Other Tests Percent Passing 
* • <> * • <> * • <> 
Liquid Limit 61.5 34.3 46.8 Mass (g). 304.5 512.0 229.1 Dso 
Plastic Limit 21.5 22.6 19.8 2" D 30 
Plasticity Index 40.0 11.7 27.0 1.5" D,o 
Water Content 1" Cu 
Dry Density (pcf) 3/4" 100.0 Cc 
Specific Gravity 2.75* 2.74 2.74 3/8" 97.5 Remarks: 
Porosity #4 100.0 95.4 100.0 
Organic Content #10 100.0 91.1 100.0 
pH #20 100.0 85.6 99.9 
Shrinkage Limit #40 100.0 79.3 99.8 
Penetrometer #100 99.7 63.8 96.0 
Qu (psf) #200 84.9 55.1 86.7 
(* = assumed) 
9301 Bryant Ave. South, Suite 107 
,~~~:i~:i Bloomington, Minnesota 55420-3436 
Hydraulic Conductivity Test Data 
Project: BM-09-026559 Date: 8/18/2009 
Reported To: Braun lntertec Job No.: 7126 
Boring No.: ST-2 ST-3 
Date Sampled 712112009 7121/2009 
Depth (ft) 28-30 14-16 
Location: 
Sample Type: 3T 3T 
Sandy Lean Clay 
wla little gravel Lean Clay 
and laminations o1 
silt (CL) 
Soil Type: 
(CL) 
Atlerberg Limits 
LL 34.3 46.8 
PL 22.6 19.8 
Pl 11 .7 27.0 
Permeability Test 
en Saturation %: 
C 
0 
1g Porosity: 
C 
8 Ht. (in): 2.53 2.49 
'li) 
~ Dia. {in): 2.86 1.45 
Q} 
.s Dry Density (pcf): 
Q} 
92.5 79.9 
co Water Content: 31.3% 36.4% 
Test Type: Falling Falling 
Max Head (ft): 5.0 5.0 
Confining press. 
(Effective-psi): 2.0 2.0 
Trial No.: 12-16 12-16 
Water Temp °C: 20.0 20.0 
% Compaction 
% Sa.turation 
(After Test) 102.2% 98.2% 
Coefficient of Permeability 
K @ 20 •c (cm/sec) 1.4 X 10 -6 4.8 X 10 -B 
K @ 20 "C (ft/min) 2.7 X 10 -& 9.5x10-8 
Notes: 
9301 BryBntAve South Suite 107 OIL Bloomington, Minnesota 55420-3436 N<:1 E RTNC 
~EST~-1:<C. 
TRIAXIAL TEST ASTM: D 2850 Job No. 7126 
Date: 8/18/09 
Project: BM-09-0265573 
Boring#: ST-1 Sample#: Type: 3T Depth (ft): 4-6 
Soil Type: Fat Clay w/sand (CH) 
oev1ator stress (tst) Failure Criterion: Max. Deviator Stress 
3.5 0. Angle of internal friction, lf>u = 23.5 ° Apparent Cohesion, Cu = 0.53 (lsl) ,~ 
-------------· 
Test Date: 8/13/09 Liquid Limit: 61.5 
- ·-·-.. 
Test Type: U-U Plastic Limit: 21.5 
3 -
.,, Strain Rate (in/min): 0.05 Plasticity Index: 40.0 
v7' I/ Strain Rate (%/min): Spec. Gravity (Assumed): 2.75 0 Before Consolidation A B C D E ~ ...... ---- Diameter On) 1.94 1.~4 1.94 2.5 Height (in) 4.06 4. 17 3.81 (1 / Wa\er Content (%) 22.6 22.0 22.8 • Dry Density (pc!) 83.8 83.6 83.0 Void Ratio: 1.05 1.05 1.07 
2 
'l. - 0 After Consolidation ~ · -------·- Diameter (in) .~ Height (in) 1.5 
~r Water Content(%) 6 Dry Density (pcf) Void Ratio Back Pressure (tsf) 
I i 
-
Minor Prlncipal Stress (!sf) 0.36 0.72 1.44 
Max. Devlator Stress (tsf) 1.85 3.25 3.12 
Ultimate Deviator Stress (ts!) 1.84 3.17 3.07 
+ Deviator Stress at Failure (ts!) 1.85 3.25 3.12 
0.5 Max. Pore Pressure Buildup (Isl) --- -- --- ----- _,, ...... _. 
Pore Pressure Parameter •s· - -·-- ---- --- ---.. - -
Pct. Axial Strain at Failure 18.5 13.2 14.4 
0 
"These test results are for informational purposes only and must be reviewed by a 
qualified professional engineer to verify that the test parameters shown are 
0 5 10 15 20 X appropriate for any particular design" 
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Normal Stress (tsf) 
I Total $u: 23.5 ° C~= 0.53 (Isl) I 
lfOIL ,1 9301 Bryant Ave. South Suite #107 NGlNEERlNG Blc:iominglon, Minnesota 55420-3436 ESTING, INC. 
TRI AXIAL TEST ASTM: D 4767 Job No. 7126 
Date: 8/18/09 
Project: BM-09-02655B 
Boring#: ST-3 Sample#: Type: 3T Depth (ft): 14-16 
Soil Type: Lean Clay (CL) 
1 Failure Criterion: Max. Dcviator Stress 
r ~-· 0. 0.9 t- Angle of internal friction, cf = 32.3 ° - ·-~ 0.8 Apparent Cohesion, c' = 0.01 (tsf) l 0. 7 Test Date: 8/10/09 Liquid Limit: 46.8 -, ~ 0.6 Test Type: CU w/pp Plastic Limit: 19.8 ill 0.5 Strain Rate (in/min): 0.002 Plasticity Index: 27.0 Cl) 
r:i: 0. 4 r ~ - ..... !:..'!A "'-----., Strain Rate (%/min): 0.051 Spec. Gravity : 2.74 - ·------·- 0 ~ 0. 3 Before Consolidation A B C D E a.. 0.2 ·~ ....... Diameter (in) 1.94 1.94 1.94 tr' 0.1 ·- Height (!n) 3 .98 3.98 3.98· 0 Water Content (%) 36.7 36.1 36.9 
• Dry Density (pcl) 81 .9 82.0 81.2 
1. 6 Vold Ratio 1.09 1.09 1.11 
1. 4 . 0 After Consolidation __....---- - . ---. / ......... Diameter (In) 1.93 1.90 1.88 ,i"1. 2 · r · Height (In) 3.93 3 .92 3.87 ~ 1/1 1 Water Content (%) 37.3 35.3 33.2 :fl i- ·-·-·----~o. B .................... ---- A Dry Density (pcl) 84.6 87.0 89.5 oO. 6 Vold Ratio 1.02 0.97 0.91 ._._ .. -'la , Back Pressure (tsf) 5.8 5.8 5.8 
·~o. 4 . 
................. 
' 
Minor Principal Stress (tsf) 0.36 0.72 1.44 
0 0.2 
-- - Max. Deviator Stress (tsf) 0.58 0.93 1.42 
0 Ultimate Deviator Stress (tsf) 0.58 0.93 1.42 
+ Deviator Stress at Failure (tsf) 0.58 0.93 1.42 
4. 0 Max. Pore Pressure Buildup (tsf) 0.21 0.44 0.9_4 
l-
~n:-: 
----------- -~ Pore Pressure Parameter ' B" 1.0 1.0 1.0 3.5 
-
Pct. Axial Strain at Failure 25.0 2 1.7 23.3 
.!2 3. 0 "These test results are for informational purposes only and must be reviewed by a 
'la qualified professional engineer to verify that the test parameters shown are 
'; 2. 5 X appropriate for any particular design" Ill 
2! Remarks: Specimen t(immed to given dimensions; Saturated, backpressured until "B" in 2. 0 ; - - response was 0.95 to 1.00; Consolidated; All Drainage valves closed and immediately 
1. 5 sheared. 
1. 0 
0 5 10 15 20 
Axial Strain {%) 
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,:::- / ~ ' ~ . ~ ' ' §: l . / 1 
' ~ Ill ' , .,, e . in 
.. :~ \ .. ,. m 1£ ,r ~.. ···-... , _ .£: -~ (/J ~~ .. \ . . : I . 0 0 . 
0 1 2 0 1 2 3 ~ 
Normal Stress (p') (tsf) Normal Stress (tsf) 
Rupture Envelope at Failure I I - -- Effective ~·: 32.3 ° c'= 0.01 (tsf) a= 28.1 ° a = 0.0 (1st) 
---
Total~·: 16.2 ° C= 0.12 (tsf) 
fOIL ii 9301 Bryant Ave. South Suite #107 NGINEERING Bloomington, Minnesota 55420-3436 
ESTING, INC. 
TRIAXIAL TEST ASTM: D 4767 Job No. 7126 
Date: 8/18/09 
Project: BM-09-026SSB 
Boring#: ST-2 Sample#: Type: 3T Depth (ft): 28-30 
Soil Type: Sandy Lean Clay w/a little gravel (CL) 
1 I Failure Criterion : Max. Stress Ratio 
·- D. 0.8 11- ~.h ·-~ --- Angle of internal friction, $' = 28.0 ° :;:::- -~ Apparent Cohesion, c' = 0.14 (tsf) UI 0. 6 · :!:!. lh_ Test Date: 8/3/09 Liquid Limit: 34.3 2! Test Type: CU w/pp Plastic Limit: 22.6 :I 0.4 UI UI ~ Strain Rate (in/min): 0.002 Plasticity Index: 11.7 2! ~ 
a.. 0.2 - Strain Rate (%/min): 0.050 Spec. Gravity : 2.74 ... ---.. ---. 
~---------
G) r~ 0 Before Consolidation A B C D E ... 0 0 --•--=a.:_ a.. r-----.__ Diameter (In) 1."99 1.99 1.99 -0.2 r------ Height (in) 3.98 3.98 3.98 -0.4 Water Content {%) 32.5 35.1 36.7' 
• Dry Density (pct) 89. B 87.1 84.6 
2.5 Vold Ratio 0.90 0.96 1.02 
D After Consolidation ~ 2 ·- ~=---·_; - -·- Diameler (ir<1) 1.97 1.97 1.95 ..... L---- Height Qn) 3.97 3.95 3.89 il!1. 5 _ __. Water Content (%) 31.6 33.3 33.0 2! ~ ........... ,, ....... 
~-·-
,,,....... 
·- -
in 
-rz / t:,. Dry Density (pcl) 91.6 89.4 89.9 0 1 Vold Ratio 0.87 0.9 1 0.90 
.i Back Pr.essure (Isl) 5.8 5.8 5.8 
> Minor Principal Stress (tsf) 0.36 0.72 1.44 
~0.5 V" Max. Deviator Stress (Isl) 1.47 2.05 1.89 
0 Ultimate Deviator Stress (tsf) 1.43 2.02 1.89 
+ Deviator Stress at Failure (tsf) 0:86 1.35 1.30 
5.0 Max. Pore Pressure Buildup (tsf) 0.19 0.39 0.88 
' 4.5 ~ Pore Pressure Parameter "B" 1.0 1.0 1.0 4. 0 · ---..... Pct. Axial Strain at Failure 4.5 5.3 5.1 
] 3. 5 
.• -
-ff ·o=, "These test results are for informational purposes only and must be reviewed by a ca 
-~ .,,,--. 
..... ~ ................ qualified professional engineer to verify that the test parameters shown are ~ 3.0 •- ·-· -· ?{ -- - X appropriate for any particular design" UI f 2. 5 - Remarks: Specimen trimmed to given dimensions; Saturated, backpressured un!H ''B" in 2.0 
' 
response was 0.95 to 1.00; Consolidated; All Drainage valves closed and immediately 
1. 5 '-
sheared, Specimen C was substantially less dense than A and B, and consequently was 
' 
wei!:Jhled less in determination of the failure envelope. 
1. 0 
0 5 10 15 20 
Axial Strain (%) 
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UI ~ _ ... -~~ UI 2! ui • ... 
0 ~ 
····w-01 \ fll . J·:41 -:~~-·. I .c vi 
·~ ~ /(l\\ '\\ I 
0 
0 1 2 0 l 2 3 4 
Normal Stress (p') (tsf) Normal Stress (tsf) 
I Ruptu~e Envelope at Failure I I --- - Effective ~·: 28.0 ° c'= 0.14 (tsf) a= 25.1 ° a= 0.1 {!sf) Total~·: 22.0 ° C= 0.14 (tsf) 
fOIL ,1 9301 Bryant Ave. South Suite #107 NG I NEERING Bloomington, Minnesota 55420-3436 
ESTING, INC. 
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